Purpose: The purpose is to study whether pain and inflammation in knee joint osteoarthritis (OA) are associated with local synovial neuronal changes. Methods: Synovial biopsies were harvested from the medial and lateral knee compartments from OA patients undergoing total joint replacement surgery. All patients had predominant pain at the medial joint compartment. Pain and knee joint function were evaluated by knee society score (KSS). 
Introduction
Osteoarthritis (OA) is the most prevalent painful joint disease leading to functional disability. Pain is the initial symptom followed by various degrees of changes in the cartilage and bone [1] . Patients with OA experience pain both in motion and at rest. Most widely used drugs, nonsteroidal anti-inflammatory drugs (NSAIDs), provide incomplete or temporary pain relief and in many cases are not effective [2] probably due to presence of multiple pain sources.
Role of synovial inflammation in development of joint pain and disease progression is implicated mainly by the release of various pro-inflammatory mediators [3] [4] . Free nerve endings are identified in the rat and human synovial membrane [5] [6] and probably play an important role in joint pain mediation. Increased expression of neuropeptides such as substance P (SP) and calcitonin gene-related peptide (CGRP) has been reported with increased synovial inflammation [6] . Increased SP expression was observed in the subchondral bone in knee and hip joints with OA [7] [8] . Moreover, up regulation of SP and CGRP was demonstrated in hip joint capsule and soft tissues in patients with painful OA [9] . Peripheral release of SP from nerve terminals has sensitizing effect on surrounding nociceptive afferents and stimulates immune cells to release pro-inflammatory cytokines. Interestingly, SP has been suggested to induce synthesis of inflammatory cytokines in neuroglial and lymphoid cells causing increase in pain sensitivity [10] . Further, a link between autonomic neuropeptides NPY, VIP and TH with the degree of synovial inflammation in rheumatoid arthritis (RA) and OA has been reported [11] [12] . Sprouting of sensory and autonomic nerve fibers has been suggested to occur in painful arthritic joint in experimental arthritis [13] .
The present study was designed to examine the occurrence and distribution of growth associated protein 43 (GAP-43), a marker of regenerating nerve fibers in relation to pain and inflammation in knee OA, further, to observe sensory and autonomic neuropeptides expression in regenerated nerve fibres in synovial biopsies obtained from knee joint OA patients.
Material and Methods

Patients
A total of 13 patients with knee joint OA, 5 female and 8 male, mean age 68 years (57 -78 years) undergoing total knee joint replacement surgery were included in the study. All patients were selected according to ACR criteria and were recruited during a period of one year at orthopedic outpatient clinic, Agha Khan University Hospital, Karachi, Pakistan. Patients were selected after more than 3 months anti-inflammatory treatments and physiotherapy without significant effect on knee joint pain. All patients had severe spontaneous pain and tenderness on the medial side of the knee joint with reduced walking ability. In all patients, OA was confirmed by weight bearing X-ray. Study was approved by local ethical research committee and informed consent was obtained from all individual participants included in the study. Patients with chronic pain syndromes and inflammatory rheumatic diseases were excluded from study.
Pain Measurement
Preoperatively, all patients were evaluated for pain, range of motion, stability and function of knee joint by using a knee society score (KSS) of the Hospital for Special Surgery [14] . The KSS reflects an objective measurement such as patient-reported pain severity (50 points), stability (25 points) and range of motion (25 points). Thus, 100 points will be obtained by a well-aligned knee with no pain, 125 of motion, and negligible antero-posterior and medio-lateral instability. Patient function considers walking distance (50 points) and stair climbing (50 points) with deductions for walking aids. The maximum function score 100 is obtained by a patient who can walk an unlimited distance and go up and down stairs normally [14] .
Histopathological Assessment
Synovial samples (6 -8 mm 2 ) were obtained from medial and lateral compartments of OA knee during surgery. Tissues were immediately fixed in Zamboni's solution consisting of 4% paraformaldehyde in 0.2 mol/l Sörensen phosphate buffer, pH 7.3, containing 0.2% picric acid. Sections were cut using a Leitz® 1720 cryostat (Ernst Leitz, Germany) to 7 or 14 µm thickness and mounted on SuperFrost/Plus slides.
Two sections of each tissue at different depths (approximately 100 µm apart) were taken and stained with haematoxylin and eosin for histological assessment. For semi-quantitative analysis, from each section 6 microscopic fields were taken. Thus, in all specimens a total of 12 microscopic fields were analyzed. Histologic find-ings were evaluated using a 10 point scoring system as described previously [6] . Briefly, synovial hyperplasia was graded on a scale of 0 to 1, vascular changes on a scale of 0 to 2, villous hyperplasia on a scale of 0 to 3 and cellular infiltration was scored on 0 to 4 scales ( Table 1) .
Immunohistochemical Assessment
For SP, CGRP, NPY, VIP, TH and GAP-43 expression, 14 µm sections were incubated overnight with antiserum to SP, (1:10000), CGRP (1:10000), NPY (1:5000) or VIP (1:5000, BACHEM Peninsula Laboratories; UK), TH (1:2000) and GAP-43 (1:2000, Chemicon International Inc., California). Sections were rinsed in PBS and incubated with biotinylated secondary goat anti-rabbit or horse anti-mouse antibodies both 1:250 (Vector Laboratories, Burlingame, California). Finally, Cy3-(1:5000) or Cy2-conjugated avidin (1:2000, Amersham Life Science Inc., USA) was used for visualization of immunoreactions. To demonstrate specificity of staining, primary antiserum were either omitted or pre-incubated with specific blocking peptides.
For double staining, after completing the staining step for GAP-43 using fluorochrome Cy2-conjugated avidin, sections were incubated with avidin followed by biotin-blocking solution. Sections were then incubated with antibody to SP, CGRP, NPY, VIP and TH before using biotinylated secondary horse anti-mouse antibodies (1:250, Vector Laboratories, California). Finally Cy3-conjugated avidin (1:2000, Amersham Life Science Inc., USA) was used for visualization of immunoreaction.
For semi-quantitative analysis, 2 sections from lateral and medial synovial compartment were stained and images of 6 microscopic fields from each tissue section were captured by a video camera system (DEI-750, Optronics) attached to microscope (Eclipse E800, Yokohama, Japan) and stored in computer. The immunoreactivity was measured as area (in mm 2 ), using Easy Analysis software (Bergström Instruments, Sweden), as previously described [15] . A standard lower and upper threshold of fluorescence intensity was consistently applied for positively stained nerve fibers. The results were expressed as nerve fiber area (in mm 2 ) in relation to the total area of each microscopic field.
Statistical Analysis
The Mann-Whitney U test was applied to analyse difference in histopathological score. Unpaired Student t-test was applied to verify between groups changes for immunohistochemistry analysis. Significance was set at P ≤ 0.05. Total score 10
Results
Clinical Evaluation
In all patients, KSS was considerably reduced with mean score observed as 15.4 for pain, 14.6 for motion and 15 points for knee stability. Knee function score was recorded as 22.3 for walking to 27.7 for stairs ( Table 2) .
Histopathological Assessment
Severe inflammatory changes were observed in the medial side of the knee compared to the lateral. Overall, a significant [P = 0.004] 61% increase was observed in total histopathological score at the medial synovial side compared to the lateral side. A 45% increase in synovial hyperplasia score and in vascular changes and 35% increase in villous hyperplasia and cellular infiltration was observed in the medial synovial side compared to the lateral side (Figure 1(a) , Figure 1(b) ; Table 3 ).
Immunohistochemical Assessment
Our immunohistochemical analysis revealed GAP-43, SP, CGRP, NPY, VIP and TH in the synovia obtained from all OA knee joint.
In the medial compartment a significant [P = 0.001] 67% increase in GAP-43 expression was observed compared to lateral compartment. Nerve fibres immunoreactive to SP and CGRP were consistently found in Table 2 . Pre-operative clinical evaluation of OA patients by Knee Society Score (KSS). KSS scores based on clinical examination of knee joint and specific questionnaire regarding pain and functional capacity of knee. Data are presented as median with interquartile ranges with n = 13. (Figure 2(a), Figure 2(b) ). Among autonomic neuropeptides, nerve fibres immunoreactive to NPY, VIP and TH were consistently found in the synovium from both medial and lateral synovial compartments. However, semi-quantitative analysis showed a significant [P = 0.05] increase in TH-positive fibers by 51% in the medial compared to lateral synovial side (Figure 2(a), Figure 2(b) ). No change in the NPY or VIP-positive nerve fibres was observed in the medial side compared to the lateral side of the synovium. NPY positive nerve fibres were found as networks around blood vessels.
Double staining analysis showed co-expression of SP and CGRP with GAP-43 in regenerating nerve fibers in both compartments but predominantly in medial synovial compartment. For NPY, we observed co-expression only in the medial side of synovia (Figures 3(a)-(e) ). A weak co-expression was observed for VIP and TH with GAP-43 in all three compartments of synovia. 
Discussion
Our present study indicates that pain and inflammation in patients with knee joint OA are related to neuronal changes in the synovia. Further, synovial inflammation along with sensory and autonomic nervous system exacerbates clinical symptoms in OA.
The previous concept of OA as disease explicitly of the cartilage is no longer valid as the degenerative processes involves the entire joint structure and most probably is accompanied by inflammatory signs leading to synovitis and joint pain [4] [16] . It is likely that overexpression of pro-inflammatory mediators in OA increases activation of pathophysiological pathways that contribute to progressive cartilage degradation. Patients included in the study experienced severe pain and tenderness and had reduced knee functions and knee stability as indicated by KSS. Correspondingly, our histopathological studies indicated severe inflammatory changes at the painful medial side of the knee joint compared to the lateral. Inflammatory changes such as synovial hyperplasia, vascular changes, cellular infiltration and villous hyperplasia were observed in the painful medial synovial side of OA knee.
Presence of synovial inflammation in patients with hip joint OA has been reported earlier along with the activation of several inflammatory cytokine [17] . Interestingly, the activation of one important transcription factor, nuclear factor kappa-beta (NF-κB) which is crucial for synthesis of inflammatory cytokines, has been observed in vascular endothelium and type A synovial lining cells of patients with RA and OA [18] . The pathological activation of NF-κB promotes transcription of genes which encode pro-inflammatory cytokines and matrix metalloproteases which ultimately lead to cartilage erosion. Interestingly, our recent pre-clinical observations of antagonizing NF-κB resulted in reversal of pain behavior and knee joint inflammation which corresponded to the down regulation in MMP-3 and SP and CGRP expression in the rat model of OA [19] .
In present study, we identified sensory (SP, CGRP) and autonomic (NPY, VIP, TH) nerves in synovial membrane retrieved from medial and lateral side of knee joint. We observed up-regulation of SP, CGRP and TH pos-itive nerve fibers in the medial painful side of knee compared to the lateral side. Similar observations are reported previously [6] however, our present results strengthen previous findings with semi-quantitative measurement of nerve fibers but also highlight changes in the autonomic system and explore the phenomenon of nerve regeneration in painful OA condition.
We identified nerve fibers positive to GAP-43 indicating nerve sprouting in inflamed synovial membrane especially in the painful medial side of knee joint. Presumably, growth of new nerves in inflamed tissue provides a delivery system for neuronal pro-inflammatory and nociceptive mediators, e.g., sensory and autonomic neuropeptides. Co-existence of GAP-43 with sensory and autonomic neuropeptides SP, CGRP and NPY further strengthens this notion. Interestingly, it has been reported that sensory and autonomic nerve fibers innervating aged knee joint maintain the capacity for nerve sprouting after inflammation or injury in mouse models [13] [20] [21] . The phenomenon of pathologic nerve regeneration in the human inflamed synovium as seen in the present study probably contributes to chronic joint pain and underlying changes in OA joints and may provide pharmacological insight and targets for better controlling pain in chronic musculoskeletal disorders.
Study Limitations
In present study, due to ethical issues we cannot include healthy tissues for neuropeptide expression as healthy synovial membrane cannot be collected. There is need of prospective studies where level of sensory and autonomic neuropeptides can be modified by physiotherapy and correlated to patients' pain. Number of patients should be increased for future studies.
